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The invention is based on the use of common rainbow trout a» a 
high-resolution biosensor adapted for monitoring industrial waters. 

in its general principle, the invention is not novel since a 
patented Troutometer currently exists on the market whieh has been used 
by INRA and a Reservoir Agency. 

However, this method - based on the behavioural reactions of the 
fish - remains very crude, in the event of pollution, it does not provide 
any qualitative, let alone quantitative, response. 

By contrast, the invention - the result of 10 years of research 
into the fundamental neurophysiology of trout - allows, by the 
methodology and technology it employs, a level of resolution and speed of 
response which are highly advantageous when detecting a certain number of 
synthesis molecules (comparable to micro-pollutanta) in a fresh water or 
marine environment. 

Regarding the methodological plan: the invention differs from the 
Troutometer since the pollution information is captured at the level of 
the olfactory nerve structures of the fish. This then allows a high 
resolution sensitivity over a large spectrum of chemical families on the 
one hand, and on the other allows the hardly quantifiable behavioural 
fluctuations - on which the current Troutometer is based - to be avoided. 

Regarding the technological plan: the animal is the biosensor of a 
measurement system. It therefore ensures the following transduction 

function: chemical information on micro-pollution > particular 

electrical activity at the level of the nerve structures. It is 
sufficient to capture this electrical activity and utilise it. 
implementation 

The bioelectric information present on the olfactory bulb is extracted by 
two platinum electrodes having a diameter of 3/100. It is amplified, then 
coded, and finally emitted at a centre frequency of 100 KHz by the 
emitter {EM, Figure 1/1) - This CMOS-enabled emitter allows the changes in 
the electrical activity of the olfactory bulb to be code- converted 
exactly. The telemetry unit is fed by a lithium battery which (given the 
low overall consumption of the emitting portion) guarantees 1800 hours of 
autonomous running. 

The trout (T, Figure 1/1) is placed in an aquarium tank (B, Figure 1/1), 
measuring 60x60x40 em and fed with water, for monitoring. 
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The telemetry signal emitted by the emitter is captured by two stainless 
steel electrodes formed as plates (E x , E», Figure 1/1) placed on the 
bottom and near the surface of the aquarium, respectively. This signal is 
then amplified by an amplifier (A, Figure 1/1) having 80 db gain in the 
110-80 Hi band. The decoder (D, Figure 1/1) allows the high frequency 
signal to be demodulated/ so as to obtain the biological signal initially 
present at the level of the olfactory bulb. This signal (electrobulbograro 
or EBG) is then processed by a fast Fourrier transformation (FFT) by an 
inexpensive calculator (C, Figure 1/1) . An FFT is therefore obtained 
which represents the distribution of energy as a function of frequency. 
In this case, said FFT is in the 0 to 25 Hz band {FFT, Figure 1/1) . 
In the absence of any contamination, the spontaneous energy spectrum (sp, 
Figure 1/1) is distributed between 0 and 25 Hz, with a predominance 
between 2 and 12 Hz. The presence of a micro-pollutant changes this 
distribution and a different spectrum is obtained (mp, Figure 1/1) . 
These changes in the spectral energy are processed by a correlator which 
allows tne type of micro-pollutant and its concentration in the 
environment (concentration, chemical family, Figure 1/1) to be 
identified, as a function of the changes in the spectrum. 
System characteristics 

Resolution by mass: currently 10 ng/litre, i.e. 10 times greater than 
analysis by gas phase chromatography. 

Distinguishing between products: relatively good and basically dependent 
on the type of correlation program. 
Response times 

Two aspects need to be differentiated: 

- the physiological response time which is of the order of 500 ms from 
when the micro-pollutant touches the olfactory slits; 

- calculated time: currently, the programs are not yet optimised. Three 
minutes are required for the correlation to be obtained. 

Costs of the telemetry system: 

comprising the animal, the emitter, the amplifier and the decoder: less 
than 5000 francs as of l* 1 December 1981. 
Reliability of the telemetry system: 

- no incidents regarding the electronics; 
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- regarding the surgical aspect of implantation: excellent physiological 
defence by the animal, Ho post-operative infection has yet been 
recorded, since surgery was performed in a sterile environment. 
tJsing modest means, the proposed invention enables the monitoring of 
water intended for consumption or of seawater to be very correctly 
ensured. In the latter case, it is entirely possible to use trout, though 
this necessitates a period of three weeks to a month for the animal to 
adapt to the particular saline conditions of the environment. It is 
preferable to use a marine species (currently in the course of 
experimentation) . 

This invention, based on the principle of the biosensor, allows the 
physicochemical changes in the water to be monitored long-term. 
The overall response time- of the analysis system is interesting (clearly 
shorter than with the classic physicochemical analysis methods) . The 
reliability of the system is acceptable. 

It is conceivable that a systematic industrial application may be 
considered, for solving water pollution problems 

- upstream of the water intake intended for consumption; 

- downstream of purification plants; 

- and generally wherever the chemistry of water is to be monitored. 
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CLAIMS 



X. a device which allows micro-pollutants to be detected in 
freshwater or in eeawater, based on the use of a biotelemetry system, 
characterised by the utilisation of the sensory capacity of a biosensor- 
type aniinal (T) living in a tank (B) . 

2. The device according to claim 1, characterised by the presence 
of an emitter, permanently implanted surgically in the cranium of the 
animal (EM) . 

3. The device according to claim 2, characterised by using 
electrodes (Ei and B,) to capture the emission of a bioelectric signal 
emitted by the nerve structures of the animal. 

4. The device according to claim 1, characterised by the presence 
of an amplification (A) and decoding (D) unit. 
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L' invention consiste en 1 •utilisation de la truite comma are-en- 
ciel coame biocapteur & haute resolution adapts ft la surveillance dee eauac 
de consommation. 

Dans son principe general, V invention n f a Tien de nouveau puisqu T £L 
5 existe actuellement sur 1* march* un TruitwnStr* bravatfi qui, a etc nds an 
point par l'lNRA at una Agence da Bassin. 

Cepeudant a* procSdfi, base" sur las r&actions comportemantales du 
poisson, teste tr&s grossier. U ne donna, lore d'un incident de pollution, 
aucune reponse qualitative at encore moins quantitative • 
10 L* invention par centre* rdeultat do 10 aunees da recherche an neuto- 

phyaiologia f ondamantale sur la truite, pexmat de par la mlthodologie et 
la teehnologie miees en oauvre un niveau da resolution at una rapiditS de 
r Spouse tout ft fait intfiressants lorsqu'il s'agit de dfitaatar un certain 
nombre de molecules de synth&sa {assimilables aux micropolluants) en tai- 
ls lien d'eau douce ou an milieu mar in. 

Sur le plan mfithodologique ; 1 1 invention se distingue du XruitomS- 
tre puisque 1 T information de pollution est recueillie an niveau des struc- 
tures nerveuse8 olfectives du poiseou* Ceci permet done d'uua part una 
haute finesse de resolution sur un large spectre de families chimiques, at 
20 d 1 autre part de ee d&gager des fluctuations comportementale* peu quanti- 
fiable* sur laaquallaa est base le TruitemStre actual . 

Sur le-plan technoiogique « I 9 animal est la biocapteur d T una chaine 
de mesure, II assure done la fonction de transduction euivante : 
information ehimiqua da micropollution — *~activite electrique particuliS- 
25 re au niveau des structures ncrveuses. XI euffit de recueillir cette acti- 
vity electrique et de V exploiter. 
Kiss en oeuvre 

Lee informations bioSlectriques disponibles aur le bulbe olfactif sont pr€- 
levSes par 2 electrodes de platine da 3/100 de diam&tre. Elles sent ampli- 

30 fUea puis oodSes, enfin fimises sur una frequence centrale da 100 KHs par 
I'&netteur (EM figure 1/1). Cat taetteur rfialisfi «u teehnologie CMOS per- 
met un transcodage pr€cis daa modifications d' activity electrique du tulbe 
olfactif, L 1 alimentation de l f unit& tSlemfitrique s'effectue par pile li- 
thium ce qui garantit (compte tenu de la faibla consemmation globale dela 

35 partie Emission) una autonomie de 1B0O heures* 

La truite (T figure t/1) est placfie dans un bac <B figure 1/1) de type 

aquarium de 60x60x40 cm aliments par l 1 eau I surveiller, 

Le signal tftlfaftrique isau de I'&netteur est recueilli par 2 Electrodes 
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d'inox en f orme de plaque (Ej.E^ ** gi placSes respect ivement au fond 
de l' aquarium et pr5s de la surface, Ce signal est ensuite amplifiS par un 
amplifies tear (A fig- I/O ayant 80 db da gain dans la bande 110-80 Hz. Le 
d§codeur (D fig- 1/1) pemet de d&noduler la signal haute, frequence et d'eb- 
5 tenir ainsi le signal biologique initialement'prgsent au niveau des bulges 
olfaetifs. Ce signal (Blectrobulbogranone ou B.B.G.) eat ensuite traitS par 
transformfie de Fourrier rapide (F.F.T.) (terminologie anglo-saxoune) par 
un calculataur * faible cottt (C fig* I/O* On obtiant done una P.F.E, qui 
raprlsent* la repartition de l'Gnergie an fonction de la frequence ♦ 

10 Ici cette PFT est rgaliaSe dans la bande 0 U5 Hs (EFT fig* I/O* 
En 1 'absence de touta contamination le spectra SnergStique spontsug (Sp 
fig* I/O sa rfipartit eutre O et 25 Hz avec une predominance antra 2 et 
12 Hz, L'spparition d v nn micropollueht modif ie cette rSpartition at l 1 on 
obtisnt un spectre different (mp fig- I/O- 

15 Cas modifications de l'£nergie spectral* sont traitSes par on corrSlateur, 
ce qui permet de diatinguer, en fonction das modifications du spectre, le 
type de mioropolluant at aa concentration dans la milieu (concentration* 
famille chimique fig, I/O- 
Qgalitgs du gystfem* 

20 ^solution en masse : actuellement 10 ng/litre, c'est~fi-dire 10 fois an- 
dessus de 1 'analyse par chromatographic en phase gazeu&e* 
Discrimination antre produite z relatlvement bonne et esaantiellement de- 
pendant* du type de programme de correlation- 
Temps de reponsa 

25 II faut distingue* deux aspects 5 

- le temps de r€ponse physiologlque qui eat da l'ordra de 500 ms dds que le 
micropolluant touche lea fossettes olfactives. 

- la tamps da calcul : actuellement les programmes ne sent pas encore opti- 
mises. II faut 3 minutes pour qua la correlation soit obtenue- 

30 Gout da la chains tS16m€trique t 

comprenant l f animal, l'Smetteur, l T amplificateur t le dScodeur ♦ infSrieur & 
5000 Fr a la data du 1/12/61. 
FiabilitS du systgme tfil&ngtrigue 

- aucun incident en ce qui concerns l'SIectrouique, 

35 - en ce qui concarne Inspect chirurgical de l 1 implantation: excellente di- 
fense physiologique de l 1 animal. Aucun* infection post-op&racoire n'a en- 
core €t* constat^e alora que les interventions ont lieu en milieu septique. 
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1/ invention $ui est proposie parmet, avcc des tooyena mod«8tas fl d'aaaurer 
crea cotrectement la surveillance de I'eau dsstinfie & la coneonanation ou 
4e i'eau du milieu marin* Dans ce dernier cas 1 'utilisation d* la truite 
#,st tout £ fait possible asift uScessite une pfiriode d' adaptation da 3 sa- 
5 renines & un mois da iWmal sux conditions particulieraa da salinit* du 
wilieu. XI est prfeffitnblft d'utiiiasr una ecpfcae marina (actualleaent on 
o.nurs d' experimentation)* 

Cette invention qui esc bae£e aur la principe du biocapteur pen&et done 
una surveillance des n»diiiiaationa physico-cbiieiques dt 1'aau m sens lar- 
;r ^ du terms* 

l*e camps d« rSpoase global d? la cbolna d f analyse est intSresaant (netta- 
raeut plus court qua par las precSd&s pbysico-ehimiaues claesiques d'ana* 
lyse)i La fiabilicS du Byst£*e eat acceptable* 

On pauc considfirex qu'vn* explication industrially eystgaatlqua paut Stre 
15 envisages pour rSpondre aux problem** de pollution da X'oau 

- en smont des prices d*eau destiude a la cons oimnat ion » 

- en aval ties stations 4 juration, 

-**t d'une ?a$on gfcifcala lor&gu'il e*aRit da aurveiller la cainia d'ma 
eaui 
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ggVENDXCATIONB 

I. Dispositif permettant la detection da micropolluants dans l'eau 
douce ou dan* I'eau de m*r, baa* but 1' utilisation d T une chalne de biotfilfr- 
meaure, caractSrieSe par V exploitation de la sensorialitS d'un aniaal de 
type biocapteur (T) vivant dana tin bac (B) • 
5 2. Dispositif aelon la revendication 1, caractSriaS par la presence 

d'un fimetteur implants chirurgicalemeat & deaeure «ar le crSne de l'aniwal 
(EM) • 

3, Mapositif aelon la revendiaation 2, caractSriafi par le recueil 
de l'&iisaion d'un signal. biofilectrique isau das structures nerveuaes da 

10 I 1 animal par lee Electrodes (E| et B 2 ^ # 

4. Dispositif lfl revendication 1« oaract&isS par la presence 
d'una unitS d'amplif ieation (A) et de dficodege (D) • 
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